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Keratin proteins were extracted from scales of normal 
skin, clinically active psoriatic lesions, and atopic der-
matitis . Filaments prepared by in vitro assembly upon 
dialysis of the proteins agains t a low ionic strength 
buffer w er e comparatively characterized by electron mi-
croscopy, SDS gel electrophoresis, and amino acid anal-
ysis . Filaments formed using k eratin obtained from the 
skin of norma l individuals w ere thin and wavy, whereas 
those formed using k eratin isola ted from the scales of 
psoria tic p a tients w er e straight and showed a tendency 
t o a ssemble side by side . Filam e nts of atopic dermatitis 
w er e indis tinguishable from those of normal individuals . 
F ila m ents of both normal and atopic de rmatitis con-
ta ined the protein band of 67,000 daltons , which w a s 
ab sent in filaments of p soriasis . In contrast, 2 protein 
b ands of 54,000 and 57,000 daltons were only de tectable 
in p soriasis . Amino acid a n alys is of these filaments fur-
ther demonstrated that filaments of p soria sis diffe r from 
those of normal individua ls in that they have a glycine 
content that is 60% of normal. 
I n t he previous s tudy [1] kera tins from scales of norma l 
individuals a nd patien ts wit h hy perkeratos is were extracted in 
tris~u rea-mercaptoethanol a nd a nalyzed by sodium dodecyl sul-
fate (SDS) gel electrophoresis. W e found that a ba nd a pproxi-
m ately 67,000 dal to ns is detectable in cornified cells of norma l 
individuals a nd in various hyperkerato tic diseases , but not in 
scales from untreated psoriatic lesio ns. S kerrow [2] a nd S ker -
row a nd Hunter [3] also detected this a bnormali ty a nd t h e 
reappearance of th e normal protein ba nd wi t h treatment. These 
s tudies ind icate t hat we m ay be a ble to bioch emicaUy ide ntify 
psoriasis and understand one aspect of t h e basic pathomech a-
nism s associated wit h skin ch a nges in t his disease. 
T his study was design ed to furt he r ch a racterize proteins in 
scales fro m les ions of psoriasis a nd atopic derm atit is as com-
pared wit h t h ose in norm al s kin. S ince it h as been sh own t h a t 
keratin protein of cow [ 4] a nd rat [5] can be polym erized in 
vitro, we have s im ilarly pur ified keratin protein of man fro m 
normal skin, psorias is and atop ic derma t it is by prec ip itation of 
keratin filam e nts. After obse rva tion of ultrastruc tu ral features, 
the fila m ents were furth er compared by ge l e lectrophoretic 
patterns a nd an1ino acid composit ions. 
MATE RIALS AND METHODS 
Shin Sample~;; 
Scales were obtained from 12 patients with active psoriatic lesions 
and 8 patients with clinicaUy diagnosed a topic dermati tis by scraping 
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wi th the side of a microscope slide. Similar scraping was performed on 
the skin of 10 normal individuals at the ankle, leg, knee, palm, elbow 
and forehead and these accumulated cornified cells were . used as 
con trols. All samples were stored at -20°C until used. The patients 
were not on any medication for at. least 2 weeks prior to the study. 
Keratin Filament Extraction and Polymerization 
Approximately 200 mg of scales from each subject were serially 
homogenized and extracted as previously described [5]. The extracts, 
in 50 mM Tris-HCl, 8 M urea, and 0.1 M 2- mercaptoethanol , pH 9.0, 
were acidified wi th a five-fold volume of 2.5 mM HCl in acetone and the 
precipi tate was washed 3 limes in 0.1 M Tris-I-ICl, pH 8.0, 1 mM 
Cleland's Reagent. It was then dissolved in 6 M urea containing 25 mM 
2-mercaptoethanol, and centrifuged at 250,000 g for 2 hr at 4°C to 
remove small cell par t icles. The supernatant. was adjusted to 1 mg 
prote in/ ml by th e Coomassie Brilliant Blue technique of Bradford [6] 
and then polymerized by the method of Steinert [ 4]. Filaments formed 
were peUeted at 150,000 g for 1 hr at 4°C, redissolved in 6 M urea 
containing 25 mM 2-mercaptoethanol, and adjusted to 1 mg/ ml protein. 
The process was repeated to repolymerize keratin filaments as de-
scribed by Steinert [7]. 
Electron Microscopy 
The repolymerized samples were diluted to about 50 /J.g protein per 
ml of 5 mM Tris-HCl buffe r containing 25 mM 2- mercaptoethanol. A 
drop of the solution was placed on formvarcarbon-coated grids. Excess 
solu tion was removed with fil ler paper, and the grid stained wi th 0.7% 
aqueous uranyl acetate, pH 5.0, for 1 min . The specimens were exam-
ined using a S iemens E lmiskop JA at 80 kv; a ll photographs were taken 
at a magnification of 40,000X. The magnification was calibrated using 
a cross-ruled grating replica (E. F. FuLlam Inc. ). 
SDS Acrylam.ide Gel Electrophore~;;is 
The repolymerized samples nol used for electron microscopy were 
lyophilized, dissolved in 10 mM phosphate buffer, pH 7.0, with the final 
concentration of 1% SDS, 1% 2- mercaptoethanol and 15% sucrose, and 
heated for 4 min in a boiling water bath. The buffer system of' Weber-
Osborn [8] was employed using a 7.5% acrylamide gel with 0.1% SDS 
and 0.1 M sodium phosphate, pH 7.2 in tubes 5 mm in diameter and 12 
em in lengt.h . T he samples were electophoresed at 8 mA per tube for 
61/2 hr and stained with Coomassie Brilliant Blue. P rotein patterns and 
molecula r weight determina tions were made by comparing the migra-
t ion of peptide bands to phosphorylase A (94 ,000), BS A (68,000), 
cata lase (60,000) , ovalbumin (4 3,000) , a ldolase (40,000) , glyceraldehyde-
3-dehyd.J·ogcnusc (36,000) , chymolrypsin (25,700), and cytochrome C 
(11,700) . 
A mino A cid Analysis 
T he repolymerized fi.l amctnls were dialyzed 24 hr with 3 changes of 
distilled waler at 4 oc and lyophi lized. To determine the amino acid 
composit ion, 1 mg was hyd.J·olyzed under vacuum with l cc constant 
boiling HCI for 24 hr in a 105°C oil bath, and a Beckman Model 119 
Automatic analyzer was used. All samples were run simul taneously. 
RESULTS 
The polypeptid es of normal, atopic a nd psoria tic epider mis 
assembled into filam e nts which a veraged 4-5 nm in width . The 
normal fila m ents we re wa vy, and they were ultrastructurally 
indis tingu ish a ble from one region of t h e body to anoth er (Fig 
1). They sometimes form ed wider fibrils , especially wh en they 
were poly m erized at highe r con centrations, but t h e in ternal 
s tructure of th ese wid er f ibrils contained no discernib le per io-
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d icities. Filaments prepared from scales of atopic dermatitis 
patients were ultrastructurally indistinguishable from those of 
n ormal subjects (Fig 2). In contrast, filaments formed from 
proteins of psoriatic scales were straight and tended to assemble 
longitudinally, side by side (Fig 3a). In wider filaments, a 
regular banding along the axis was seen (Fig 3b). T he filaments 
formed over a wide range of protein concentrations (0.5 mg to 
2 mg/ml) tested and 24 mM to 100 mM mercaptoethanol con-
centration did not influence the ultrastructure. 
SDS gel electrophoresis patterns of filamentous protein of 
n ormal skin and psoriasis were essentially ident ical to those 
reported previously (1]. Filaments prepared from normal pro-
tein showed both individual and regional variation in polypep-
t ide patterns. However, the most consistent finding was the 
presence of the 67,000 dalton protein in samples from all nor-
mals. Filaments of psoriasis did not contain this band; instead, 
they showed 2 bands of approximately 54,000 and 57,000 daltons 
which were not present in the normal filaments. Atopic der-
matitis also showed individual variation in gel patterns but 
consistently displayed the normal protein band of 67,000 dal-
tons. In addi tion, a topic dermatitis lacked the 2 proteins of 
54,000 and 57,000 daltons seen in psoriasis. F igure 4 summarizes 
the protein patterns monitored by a densitometer (Quick Scan, 
Helena Lab Co., Beaumont, Texas). Protein concentrations 
were measured in the 6 M urea solu tion of keratin and in the 
supernatant after filaments were pelleted by centrifugation. 
Recovery of protein as filaments was 80 to 90%. SDS gel 
e lectrophoresis patterns of supernatant were identical to those 
of filame nt pellets. 
A mino acid composition within the specimens of the 3 gr oups 
(normal, psoriasis and atopic dermatitis) were very similar. 
However , there were distinct differe nces in the groups (Table). 
Psoriasis showed some characteristic composition. T he most 
striking change was in glycine content which decreased approx-
imately 40% from normal. Another amino ac id, serine, decreased 
approximately 20% from both atopic dermatitis and normal. 
Most of the other amino acids are increased propor tionally to 
make up for the decrease in glycine and serine. An exception is 
probne, which is increased almost 100%. In contrast, atopic 
d ermatitis in general closely resembled normal, although a 
statistically meaningful difference was noted in many amino 
acids. 
DISCUSSION 
This study demonstrated that tr is-m ea-mercaptoethanol ex-
tractable proteins fro m human stratum corneum can be polym -
erized under sim ilar conditions as used in other mammalian 
studies. However , t he filaments thus formed from protein of 
normal skin are different ultrastructmally, being much thinner 
than the filaments prepared from keratin of other species 
[ 4,5]. These findings coincide with in situ filaments of human 
and animals comparatively measured by several investigators 
(e.g., reference 9). T he ultrastructure of filaments made from 
protein of atopic dermatitis was identical to that of normal skin, 
whereas distinct differences were noted in filaments formed 
fro m keratin of psoriatic scales. Formation of a wider fibril was 
observed in rat keratin [5], after addition of divalent cations [5] 
or a basic pr otein isolated fTom cornified cells by Dale, Hol-
57, 000 
67, 000 
FIG 4. Densitometric readings of sodium dodecyl sulfate acrylamide 
gel electrophoresis pattern of keratin obtained from skin of normal (N), 
psoriatic (Ps) , a nd atopic dermatitis (Atl - At6) individuals. 
FIG 1, 2, and 3. Representative filaments fo rmed fTom keratin protein 1 mg/ ml of normal corni fied cells (Fig 1), those of atopic dermatitis (Fig 
2), and psorias is; Wider fila men ts were formed from psoriatic keratin (Fig 3a) (reduced fTom X 120,000). Filaments of psoriasis are straight and 
aligned with a regular banding (Fig 3b, reduced from X 200,000). 
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Amino Acids (Mean nmoles % ± SD)" (Average of 6 cases for each 
group) 
CW PS' AD" 
cys a 0.16 ± 0.16 0.20 ± 0.09 0.48 ± 0.20b.c 
asp 9.10 ± 0.11 9.46 ± 0.11" 9.01 ± 0.18c 
thr 3.25 ± 0.15 4.70 ± 0.10" 3.88 ± 0.13"·< 
ser 12.69 ± 0.09 10.51 ± 0.33" 12.61 ± 0.25c 
glu 13.36 ± 0.15 13.85 ± 0.15" 13.13 ± 0.36c 
pro 0.84 ± 0.21 2.04 ± 0.26" 1.23 ± 0.17"·< 
gly 23.32 ± 0.89 14.55 ± 0.57" 20.43 ± l.08"·c 
ala 4.44 ± 0.24 6.99 ± 0.18" 5.68 ± 0.24"·'" 
val 3.44 ± 0.24 5.23 ± 0.21" 4.69 ± 0.19"·< 
met 1.19 ± 0.08 1.54 ± 0.14" 1.10 ± 0.13< 
ileu 4.07 ± 0.22 4.04 ± 0.05 3.71 ± 0.08"·< 
leu 8.15 ± 0.25 9.94 ± 0.07" 8.46 ± 0.25'" 
tyr 2.67 ± 0.46 2.05 ± 0.45" 1.89 ± 0.39" 
phe 2.86 ± 0.08 3.09 ± 0.07" 3.33 ± 0.20"·< 
his 1.02 ± 0.04 1.87 ± 0.62" 1.25 ± 0.051'·< 
lys 4.27 ± 0.14 5.00 ± 0.19" 4.58 ± 0.14b.c 
arg 4.81 ± 0.05 5.55 ± 0.17" 4.55 ± 0.24"·'" 
" Corrected for the destruction and slow release of the residues. 
p -values: "AD vs CN p < 0.05; cPS vs AD p < 0.05; "PS vs CN p 
< 0.05. 
• CN= cornified normal. 
r PS= psoriasis. 
" AD= atopic dermatitis. 
brook, and Steinert [10]. The regular banding that appeared in 
the wider filaments of psoriasis was not seen in the rat filaments. 
The reason for the unique filament assembly is unknown; it is 
probably not induced by the basic protein contamination, be-
cause the psoriatic keratin used in this study was prepared from 
active, untreated psoriatic lesions. In these lesions, kera tohyalin 
granules, the precursor of the basic protein of cornified cells, 
was reported to be absent [11]. Furthermore, all psoriatic scales 
were homogenized and incubated in solvents that extract ker-
atohyalin granules [12,13] and the basic protein [14] prior to 
keratin extraction. A possible role played by trace metals con-
tained in keratin preparation was not examined. 
The SDS gel electrophoresis pattern of psoriatic filaments 
was different from normal, as previously reported in studies 
using the total alkaline urea extractable protein [1]. The protein 
pattern was also distinguishable from that of atopic dermatitis. 
These results contrast with those of Baden et al [15] who used 
a direct tris-urea-mercaptoethanol extraction technique and the 
discontinuous buffer system after N eville [16]. They found that 
superficial stratum corneum protein from both atopic and pso-
riatic lesions contained polypeptide chains of 67,000, 59,000, 
51,000 and 45,000 daltons. 
Despite the difference in ultrastructure and molecular weight 
of filaments, the amino acid composition of fllamen ts of normal 
human skin was very similar to that found in keratiJ.'tl fibers 
isolated from newborn rat cornified cells [5]. It was also com-
parable to those reported by Baden, Goldsmith, and Lee [17] in 
fibrous proteins isolated from cornified cells of individuals with 
various types of ichthyosis and other skin conditions associated 
with scaling and hyperkeratosis, as well as normal skin. In 
filaments of psoriasis, however, amino acid analysis revealed a 
striking decrease in glycine and serine and an increase in most 
amino acids, especially proline. These findings are in close 
agreement with measurements made on unpurified extracts by 
Skerrow [2).In a recent study [18] , amino acid analysis of whole 
normal epidermis was compared with other abnormal skin 
conditions. Glycine content was similar to normal in the various 
epidermal tissues studied and was found to be elevated in heel 
callus and sunburn; psoriasis was not included in this study. 
Numerous reports of abnormalities associated with psoriasis 
have been published. Szentivanyi [19] first proposed the "beta 
adrenergic" theory of atopy whiGh states that the biochemical 
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lesion is a deficiency or abnormality in the enzyme adenyl 
cyclase. Voorhees et al [20) extended this theory to explain 
abnormalities found in both psoriasis and atopic dermatitis. 
They suggested that both diseases should have decreased in-
tralesional levels of cAMP since they share the characteristic 
features of: accelerated proliferation, incomplete differentiation, 
and glycogen accumulation. Adenyl cyclase activity in lesions 
of atopic dermatitis has been reported to be normal [21] and 
the present study further disclosed additional abnormalities 
existing in psoriatic ftlaments, but not in atopic dermatitis. 
Keratin in psoriatic lesions consists of a unique amino acid 
composition and shows a chru·acteristic in vitro assembly pat-
tern. These findings suggest that a high resolution structural 
study of the physical natme of psoriatic polypeptides may 
provide insight into the underlying pathomechanism of this 
common and distressing skin disease. 
Amino acid analysis was kindly performed by Ervin Epstein, Jr. , 
M.D. 
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